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(57) ABSTRACT

An apparatus for reducing or minimizing disturbance signals
in the case of a field device of process automation, wherein
the field device has a control/evaluation unit and a sensor,
with, respectively, at least one main electronics and at least
one sensor electronics. At least one data line is provided, via
which the main electronics and the sensor electronics com-
municate. At least one galvanic isolating component is pro-
vided, which is integrated into the at least one data line, and
which prevents transmission of disturbance signals via the
one or more data lines. Power supply lines are provided, via
which a power supply voltage sufficient for operation of the
sensor is made available to the sensor; and wherein, in the
power supply lines, filter means are provided, which are
designed in such a manner that predetermined requirements
for disturbance resistance of the power supply lines are ful-
filled.
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1
APPARATUS FOR REDUCING OR
MINIMIZING DISTURBANCE SIGNALS IN
THE CASE OF A FIELD DEVICE OF
PROCESS AUTOMATION

TECHNICAL FIELD

The invention relates to an apparatus for reducing or mini-
mizing disturbance signals in the case of a field device of
process automation.

BACKGROUND DISCUSSION

The field device includes a control/evaluation unit having a
main electronics, and a sensor having a sensor electronics.
These are spatially separated from one another, and con-
nected with one another via a connection means, usually a
cable; alternatively, in the case of a compact device, the main
electronics and the sensor electronics are arranged in one
housing. The two electronics can be arranged on different
circuit boards, or also on the same circuit board. Further
provided are: at least one data line, via which the sensor and
the control/evaluation unit communicate; and a power supply
line, via which a power supply voltage sufficient for operation
of the sensor is made available to the sensor.

The field device is preferably a fill level measuring device,
a pressure measuring device, a flow measuring device or an
analytical measuring device designed for purposes of analyz-
ing a liquid or gaseous medium. This list is not, of course,
intended to represent the limits of the definition; rather, with
the term “field device” is meant a measuring device which
makes available information concerning any physical or
chemical, process variable.

The invention relates to cable probes, which are used when
the measuring should be performed by means of a sensor—
e.g. by means of a pressure sensor or a capacitive measuring
probe—at a site which is not directly accessible externally. A
typical example is the application of a probe/sensor at a
certain height in a tank, or in some other container difficult to
access from the outside. The connection means—that is the
cable—serves for securement of the sensor in the container;
via corresponding lines in the cable, the energy supply and the
transmission of data between the evaluation unit and the
sensor occur simultaneously.

From EP 1 228 494 B1, a corresponding apparatus for
transmission of data between a sensor and an evaluation unit
has been made known. Sensor and evaluation unit are sepa-
rated from one another and have a certain spatial distance.
Field devices embodied as cable variants are available from
the firm, Endress+Hauser.

In order to eliminate disturbance/interference currents on
the lines, the main electronics arranged in the evaluation unit
and the sensor electronics located in the sensor are usually
galvanically isolated from one another. For galvanic isolation
of the lines, switching power supplies of different topology,
such as push-pull converters, flyback converters or forward
converters are used. In this way, the possibility exists to
reduce possible interference currents in such a manner that
the respective requirements of the EMC standards are ful-
filled.

Problems become apparent in the case of galvanic isola-
tion, when voltages of the same order of magnitude should be
transmitted. A typical DC/DC transmission is, for example,
the transforming of 3.3V to 3.3V: In this case, the efficiency
is so small, or the power loss is so large that, among other
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things, the supplying of the field device with energy is no
longer assured. This is problematic especially in the case of
4-20 mA field devices.

In EP 1 228 494 BI1, reference is likewise made to the
disturbance resistance of the transmission in the case of a
cable variant of a field device. Here, interference removing
means are placed in front of the outputs or the inputs of both
processor units. The interference-removing means are low-
pass filters, composed of a resistor and a capacitor, wherein
the data lines are in each case grounded via the capacitor. The
time constants of the RC members are selected in such a
manner that, on the one hand, communication is not
degraded, and, on the other hand, the coupling-in of interfer-
ence is largely suppressed. Furthermore, the resistances are
low ohm in such a way that an overly strong weakening of the
signal level is prevented.

Disadvantageous in the case of the known solution is that it
only enables a low frequency communication. Due to the
lowpass arrangements, high-frequency communication is
significantly degraded or completely impossible.

SUMMARY OF THE INVENTION

An object of the invention is to provide an apparatus which
assures disturbance resistance of a field device even in the
case of high data transmission rate ranges.

The object is achieved by the features that at least one
galvanic isolating component is provided, which is integrated
into the at least one data line and which prevents the trans-
mission of disturbance signals over the data line, and that, in
the power supply lines, filter means are provided, which are
designed in such a manner that predetermined requirements
for the disturbance resistance of the power supply lines are
fulfilled.

The invention relates to a partial galvanic isolation. The
power supply lines are not galvanically isolated; however, in
the place of this, they are provided with a sufficiently strong
filtering. Only the data lines are galvanically isolated. Via the
relatively strong filtering of the supply voltage, the influence
of interference currents can be minimized to the extent that
the respective requirements for the ability of the lines to resist
disturbances are fulfilled.

The data lines, in the case of which a correspondingly
strong filtering leads to the loss of information, are galvani-
cally isolated by means of measures known from the state of
the art. In turn, the electrical components applied for the
galvanic isolation are dimensioned in such a manner that the
requirements for disturbance resistance are fulfilled. The
solution of the invention permits a communication which is
limited only by the limit frequencies of the used galvanic
isolating components, such as optocouplers, etc. Thus, com-
pared to the known state of the art—e.g. low-pass filtering—
far higher data transmission rates are implemented, whereby
the performance of the field device can be significantly
improved. The measuring dynamic, and thus also the accu-
racy of measurement, especially, are significantly increased.
Other advantages of the apparatus of the invention are that the
material costs are smaller and that the constructed size of the
galvanic isolating components is reduced.

An advantageous embodiment of the apparatus of the
invention provides that the main electronics and the sensor
electronics are spatially separated from one another and are
connected with one another via a connection means, which
usually is referred to as a cable. Alternatively, in the case of a
compact device, the main electronics and the sensor electron-
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ics are arranged in one housing. In such case, the two can be
arranged on different circuit boards, or also on the same
circuit board.

In an advantageous embodiment of the apparatus of the
invention, the filter means is a single stage filter or a multi-
stage filter. The filter means is especially embodied as an
electrical current compensated or non electrical current com-
pensated choke.

Furthermore, an advantageous further development of the
apparatus of the invention provides that a capacitor, or also a
number of capacitors, is, in each case placed in front of and/or
connected after the filter means. Thus, for example, an X-ca-
pacitor is provided before the choke and an X-capacitor is
provided after the choke. In the power supply line VCC and in
the ground line GND, a Y-capacitor is arranged in each case.

Moreover, it is provided that the filter means or the choke
means are designed in such a manner that their corresponding
resistance is minimal. It is especially assured that the corre-
sponding voltage drops are in sum essentially smaller than the
supply voltage made available by the control/evaluation unit.

The galvanic isolating components are, for example, opto-
couplers, inductive couplers, circuit board transformers,
transformers. The one or more data lines are embodied in such
a manner that they allow unidirectional and/or bidirectional
data transmission between the control/evaluation unit and the
sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained in greater detail based
on the appended drawing, the figures of which show as fol-
lows:

FIG. 1 is a block diagram of the apparatus of the invention;

FIG. 2a is a schematic representation of a first embodiment
of the apparatus of the invention in the case of a so-called
cable variant with spatial isolation between the control/evalu-
ation unit and the sensor;

FIG. 25 is a schematic representation of a second embodi-
ment of the apparatus of the invention in the case of a so-
called cable variant with spatial isolation between the control/
evaluation unit and the sensor; and

FIG. 3 is a schematic representation of an embodiment of
the apparatus of the invention in the case of a compact device.

DETAILED DISCUSSION IN CONJUNCTION
WITH THE DRAWINGS

FIG. 1 shows a block diagram of the apparatus of the
invention for reducing or minimizing disturbance signals in
the case of a field device 1 of process automation. The main
electronics ME and the sensor electronics SE are connected
with one another via supply lines VCC, GND and data lines
11, 12. Via the unidirectional data line 11, the main electron-
ics provides the clock signal CLOCK, which triggers the data
exchange via the data line 12. In the two data lines 11, 12, a
galvanic isolating component 8a, 85 is provided in each case,
in order to prevent transmission of disturbance signals via the
one or more data lines (11,12). The galvanic isolating com-
ponent 8a, 85 is, for example, an optocoupler, a digital isola-
tor, a so-called I-coupler, a print transformer or some other
kind of transformer. The galvanic isolating components 8a,
8b are designed in such a manner that the desired disturbance
resistance of the field device 1 is achieved.

Disturbance signals which occur on the power supply lines
VCC, GND are eliminated via the filter elements 6; C1, C2.
Filter elements 6; C1, C2 are also designed in such a manner
that a desired disturbance resistance is achieved. In the illus-
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4

trated case, a choke 6, in the form of an electrical current
compensated choke, is integrated into the power supply lines
VCC, GND. Depending on the case of application, it can, of
course, be a non electrical current compensated choke, or it
can be a ferrite choke. Capacitors C1, C2 are Y-capacitors,
while capacitors C3, C4 are X-capacitors.

FIG. 2a shows a schematic representation of a first embodi-
ment of the apparatus of the invention 1, wherein the appara-
tus is embodied as a so-called cable variant. In the illustrated
case, the apparatus of the invention 1 ascertains, for example,
the limit-level of a fill substance 9 in the container 2, or the
pressure in the container 2. Apparatus 1 is composed of a
sensor 7, which is located in the process, a control/evaluation
unit 5, which is mounted outside of the process in an opening
4 in the 1id 3 of container 2, and a connection means 10, e.g.
a cable, which connects sensor 7 with the evaluation unit 5.

The main electronics ME is associated with the control/
evaluation unit 5, and the sensor electronics SE with sensor 7.
Preferably, the main electronics ME associated with the con-
trol/evaluation unit 5 is a master processor, and the sensor
electronics SE associated with the sensor 7 is a slave proces-
sor. Both processor units ME, SE communicate with one
another via the data lines 11, 12. Depending on application, a
unidirectional or bidirectional data exchange is possible via
data lines 11, 12.

Into the at least one data line 11, 12, via which the main
electronics ME and sensor electronics SE communicate, at
least one galvanic isolating component 8a, 85 is integrated,
which prevents the transmission of disturbance signals via the
one or more data lines 11, 12. In supply lines VCC, GND, via
which a power supply voltage VCC sufficient for operation of
sensor is made available to sensor 7, filter means 6; C1, C2 are
provided, which are designed in such a manner that predeter-
mined requirements for the disturbance resistance of supply
lines VCC, GND are fulfilled.

FIG. 2b shows a schematic representation of a second
embodiment of the apparatus of the invention. Also here, a
cable variant with spatial isolation between the control/evalu-
ation unit 5 and the sensor 7 is to be seen. Sensor 7, which, for
example, is a pressure sensor, is secured in the wall of the
container 2, while the control/evaluation unit or the measure-
ment transmitter is separated via the connection means 10
from sensor 7, and therewith from the process.

FIG. 3 shows the use of the apparatus of the invention in the
case of a compact device, in the case of which the control/
evaluation unit 5 and the sensor, like the main electronics ME
and the sensor electronics SE, are arranged in one housing. In
such case, the main electronics ME and the sensor electronics
SE can be arranged on different circuit boards, or also on the
same circuit board. Integrated into the at least one data line
11, 12 via which the main electronics ME and the sensor
electronics SE communicate is at least one galvanic isolating
component 8a, 85, which prevents the transmission of distur-
bance signals via the one or more data lines 11, 12. In supply
lines VCC, GND, via which a power supply voltage VCC
sufficient for operation of sensor 7 is made available to sensor
7, filter means 6; C1 C2 are provided, which are designed in
such a manner that predetermined requirements for the dis-
turbance resistance of supply lines VCC, GND are fulfilled.

As already previously mentioned, the field device, whether
it is embodied as a compact device or as a cable variant with
a remote control/evaluation unit 5 and sensor 7, serves for
determining and monitoring any desired process variable.
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The invention claimed is:
1. An apparatus for reducing or minimizing disturbance
signals in a field device of process automation, wherein the
field device includes a control/evaluation unit and a sensor,
comprising:
at least one main electronics;
at least one sensor electronics;
at least one data line, via which said main electronics and
said sensor electronics communicate, wherein said at
least one data line is embodied in such a manner that it
allows unidirectional and/or bidirectional data transmis-
sion between the control/evaluation unit and the sensor;

at least one galvanic isolating component, which is inte-
grated into said at least one data line and which prevents
transmission of disturbance signals via said at least one
data line;

power supply lines without galvanic isolation, via which

the main electronics and the sensor electronics are con-
nected with one another; via which a power supply volt-
age sufficient for operation of the sensor is made avail-
able to the sensor; and

filter means in the power supply lines, which are designed

in such a manner that predetermined requirements for
disturbance resistance of said power supply lines are
fulfilled,

wherein one or more capacitors are placed in front of

and/or connected after said filter means, between a
power supply line as well as to ground.

2. The apparatus as claimed in claim 1, wherein: said filter
means comprise a single stage or a multi-stage filter.

10

15

20

25

6

3. The apparatus as claimed in claim 1, wherein: said filter
means comprise electrical current compensated or non elec-
trical current compensated choke means.

4. The apparatus as claimed in claim 1, wherein: said filter
means and, respectively, a choke means are designed in such
a manner that their corresponding resistance is minimal; and
it is assured that corresponding voltage drops are in sum
smaller than the power supply voltage to be made available by
the control/evaluation unit.

5. The apparatus as claimed in claim 1, wherein: said
galvanic isolating components comprise optocouplers,
inductive couplers, circuit board transformers, transformers.

6. Apparatus as claimed in claim 1, wherein:

the field device is a fill level measuring device, a pressure

measuring device, a flow measuring device or an ana-
Iytical measuring device designed for purposes of ana-
lyzing a liquid or gaseous medium.

7. Apparatus as claimed in claim 1, wherein: said main
electronics of the control/evaluation unit and the sensor elec-
tronics are spatially separated from one another and are con-
nected with one another via a connection means.

8. The apparatus as claimed in claim 1, wherein: in a
compact device, said main electronics and said sensor elec-
tronics are arranged in one housing.

9. The apparatus as claimed in claim 8, wherein: said main
electronics and said sensor electronics are arranged on differ-
ent circuit boards, or on the same circuit board.
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